An atypical tubulin kinase mediates stress-induced microtubule depolymerization in Arabidopsis.
As sessile organisms, plants adapt to adverse environmental conditions by quickly adjusting cell physiology and metabolism. Transient depolymerization of interphase microtubules is triggered by various acute stresses and biotic interactions with pathogenic organisms. Although rapid remodeling of plant microtubule arrays in response to external stresses is an intriguing phenomenon, the underlying molecular mechanisms and the advantages of this response to plant performance are poorly understood. A domain with weak homology to the slime mold actin-fragmin kinase in the Arabidopsis mitogen-activated protein kinase phosphatase PROPYZAMIDE-HYPERSENSITIVE 1 (PHS1) is a Mn2+-dependent kinase. This atypical kinase domain phosphorylates Thr349 of α-tubulin at the longitudinal interdimer interface, thereby generating a polymerization-incompetent isoform, and effectively depolymerizes microtubule arrays when ectopically expressed in plant or animal cells. The intrinsic tubulin kinase activity is normally suppressed by the phosphatase activity of PHS1 but is unmasked immediately after osmotic stress. In the phs1 null mutant, stress-induced microtubule depolymerization does not occur. The rapid and reversible modification of tubulin subunits by PHS1-mediated phosphorylation enables dynamic remodeling of the plant microtubule cytoskeleton in response to external stimuli. Suppression of the potent tubulin kinase activity by the juxtaposed phosphatase domain tightly controls this stress-activated microtubule regulator.